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I.  INTRODUCTION 


LOCATION 

1.01  Cave  Buttes  Dam  is  located  in  Maricopa  County,  Arizona, 
approximately  19  miles  north  of  downtown  Phoenix.  The  dam  is  on  Cave  Creek 
about  0.7  miles  downstream  (south)  of  the  historical  Cave  Creek  Dam.  The  new 
dam  controls  a  drainage  area  of  191  square  miles  and  is  a  portion  of  the  New 
River  and  Phoenix  City  Streams,  Arizona  Flood  Control  Project.  Major  elements 
of  the  project  are:  the  main  embankment,  outlet  works,  spillway,  three  dikes 
and  the  bypass  channel.  The  bypass  channel  forms  a  spillway  within  the 
reservoir  to  pass  water  around  Cave  Creek  Dam  and  prevent  the  flow  of  water 
over  the  top  of  the  old  concrete  dam.  Plate  1  shows  the  project  location. 

PROJECT  DESCRIPTION 

1.02  Main  Embankment.  The  dam  is  a  rolled  earthfill  structure,  zoned 
with  three  classes  of  material  to  provide  an  exterior  pervious  shell  and  an 
impervious  core  which  extends  to  bedrock.  Crest  length  of  the  dam  is  2,2 60 
feet  at  elevation  1,679  feet  above  M.S.L.  Maximum  height  above  streambed  is 
109  feet.  At  maximum  water  surface  elevation  (1,674.1  feet)  the  total  storage 
is  86,056  acre  feet.  During  a  maximum  probable  flood  the  peak  inflow  would  be 
172,000  cfs,  and  the  peak  outflow  would  be  100,600  cfs.  Plate  2  shows  the 
general  plan  and  location  of  Cave  Buttes  and  appurtenant  structures. 

1.03  Outlet  Works.  The  outlet  works  are  located  on  bedrock  at  the  left 
abutment  of  the  dam.  They  consist  of  an  approach  channel,  intake  tower,  a 
circular  3.75-foot  diameter  conduit  528.75  feet  long,  a  reinforced  concrete 
energy  dissipator  and  an  unlined  channel  that  discharges  into  the  main  stream 
channel.  See  Plates  5,  20  and  21, 
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1.04  Spillway .  The  spiLlway  is  in  a  natural  saddle  approximately  1,600 
feet  northwest  of  the  main  embankment.  The  crest  elevation  of  1,667.1  feet 
and  width  of  610  feet  fit  the  natural  terrain.  The  spillway  was  excavated  in 
rock  and  is  un lined.  The  crest  is  protected  from  erosion  by  a  6-foot  thick 
concrete  sill  3  feet  wide  at  the  bottom  and  5.5  feet  wide  at  the  crest 
elevation.  The  sill  extends  completely  across  the  spillway  crest  and 
continues  up  each  side  wall  as  a  2-foot  thick  slab  to  an  elevation  of  1,670 
feet.  The  detached  broad-crested  spillway  is  trapezoidal  in  cross  section 
with  side  slopes  cut  2  vertical  on  1  horizontal.  Benches  12  feet  wide  were 
cut  at  elevation  1,680  feet  to  control  erosion  of  excavated  slopes.  See 
Plates  5,  16,  17  and  18. 

1.05  Dikes .  Three  dikes  were  required  to  elevation  1,679.1  feet  in  order 
to  confine  the  maximum  water  surface  and  maintain  a  5-foot  freeboard. 

1.05.01  Dike  No.  1  is  located  in  a  saddle  about  90  feet  northwest  of 
the  main  embankment.  At  crest  elevation  (1,679.1  feet)  it  is  approximately 
930  feet  long.  Maximum  height  is  39  feet.  See  Plates  5,  11,  12  and  13. 

1.05.02  Dike  No.  2  is  approximately  6,000  feet  northeast  of  the  main 
embankment.  The  west  end  of  Dike  No.  2  abuts  on  rock  and  the  east  end 
feathers  out  onto  the  plain  east  of  Cave  Creek  Road.  At  crest  elevation  it  is 
about  9,035  feet  long.  Maximum  height  is  55  feet  above  the  original  ground 
elevation.  See  Plates  5  and  15. 

1.05.03  Dike  No.  3  is  located  about  two  miles  northwest  of  the  dam. 
The  length  is  approximately  3,245  feet  at  the  crest  elevation.  The  height  is 
a  maximu  of  ten  feet  above  the  original  ground  surface. 
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1.06  Bypass  Channel.  The  bypass  channel  is  400  feet  wide  with  invert 
elevations  of  1,628  feet  at  the  channel  crest,  1,620  feet  at  the  upstream  end 
and  1,613  feet  at  the  downstream  end.  Two  channels,  which  drain  into  the 
reservoir  upstream  of  the  old  concrete  dam,  cross  the  upstream  end  of  the 
bypass  channel.  The  downstream  end  is  in  a  natural  channel  leading  directly 
into  the  reservoir  of  Cave  Buttes  Dam.  The  bypass  channel  is  unlined  and  the 
crest  is  not  protected  from  erosion.  Erosion  of  the  invert  or  walls  of  the 
bypass  could  only  result  in  more  rapid  equalization  of  water  levels  on 
upstream  and  downstream  sides  of  the  old  dam.  Plates  22  and  23  show  the  plan, 
profile,  and  sections  of  the  bypass  channel. 

CONSTRUCTION  AUTHORIZATION 

1.07  The  New  River  and  Phoenix  City  Streams  Flood  Control  Project,  also 
known  as  the  Phoenix,  Arizona  and  Vicinity  (including  New  River)  Project,  was 
authorized  by  the  Flood  Control  Act  of  1 965  (Public  Law  89-298,  89th  Congress) 
which  states,  in  part,  under  Section  204  that  "The  project  for  flood 
protection  at  Phoenix,  Arizona  and  vicinity,  is  hereby  authorized 
substantially,  in  accordance  with  the  recommendation  of  the  Chief  of  Engineers 
In-house  Document  Numbered  216,  Eighty-ninth  Congress  at  an  estimated  cost  of 
$68,310,000."  Cave  Buttes  Dam  ir  a  part  of  that  project.  Final  contract 
quantities  and  costs  are  listed  in  Attachment  1. 

PURPOSE  AND  SCOPE . 

1.08  This  report  assembles  information  detailing  the  foundation 
conditions  and  materials  encountered,  and  any  treatment  or  adaptations 
required  by  them  at  Cave  Buttes  Dam  and  appurtenances.  The  project  was 


3 


completed  in  December  1979.  The  purpose  is  to  document  in  a  concise 
foundation  report  complete  geologic  records  for  convenient  reference,  should 
an  occasion  arise  at  some  future  date  which  requires  use  of  these  records. 

Data  presented  include  information  from  geologic  studies  and  exploration  made 
prior  to  and  during  construction,  as  well  as  specific  details  of  conditions 
encountered  and  construction  operations  related  to  foundations.  The  text, 
plates  and  photographs  describe  the  foundation  conditions,  foundation 
treatment  and  construction  features  of  the  dam,  outlet  works,  dikes,  spillway 
and  bypass  channel.  Complete  engineering  characteristics  of  overburden 
materials,  conditions  of  foundations  composed  of  overburden  materials,  data  on 
excavation  and  placement  of  embankment  materials  and  instrumentation  are 
presented  in  Phase  II,  Part  1  of  the  General  Design  Memorandum  (GDM) ,  Cave 
Buttes  Dam  dated  July  1976.  Other  pertinent  data  concerning  the  project  can 
be  found  in  Design  Memorandum  No.  3,  Cave  Buttes  Dam,  Phase  II,  July,  1976. 

CONTRACTORS  AND  CONTRACT  SUPERVISION 

1.09  The  project  was  constructed  by  Washington  Construction  Co.,  P.0.  Box 
8989  Missoula,  Montana,  under  government  contract  No.  DACW-77-C-0058.  The 
total  amount  of  the  bid  for  construction  was  $9,769,353-  The  work  started  in 
September  1977  and  was  completed  in  December  1979.  Contract  Supervision  was 
by  the  U.S.  Army  Engineer  District,  Los  Angeles.  Veryl  Cox  was  Project 
Engineer  and  Filmore  Turner  was  Project  Geologist. 
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II.  FOUNDATION  EXPLORATION 

INVESTIGATIONS  PRIOR  TO  CONSTRUCTION 

2.01  General .  Subsurface  investigations  were  made  at  Cave  Buttes  Dam  in 
the  foundation  areas  of  the  dam,  dikes,  outlet  works,  spillway  and  the  bypass 
channel.  The  subsurface  Investigations  were  started  in  March  1970  and  were 
completed  in  October  1975.  Field  exploration  consisted  of  site 
reconnaissance,  deep  and  shallow  seismic  refraction  surveys,  diamond  core 
drilling,  bucket-type  power  auger  drilling,  and  excavating  trenches  with  a 
dozer  and  Gradall.  Soils  exploration  data  and  results  of  tests  on  soils  f^om 
trenches  and  bucket  auger  holes  are  presented  in  the  GDM.  General  plan  of 
geologic  exploration  is  indicated  on  Plate  7.  General  site  geologv,  plan  of 
geologic  exploration,  and  geologic  sections  are  shown  on  Plates  4  and  5. 

2.02  Embankment  Foundation.  Subsurface  exploration  in  the  streambpd 
consisted  of  drilling  6  diamond  core  holes  to  deDths  ranging  from  50  to  100.5 
feet  and  excavating  4  test  trenches  ITT  70-?0  through  52  and  761  to  deDths 
ranging  from  16  to  72  feet.  The  materials  encountered  during  the  diamond 
drilling  and  the  results  of  the  water  pressure  tests  are  described  in  the  log 
of  the  holes.  Plate  6  shows  logs  of  holes  D-4u,  D-6u  and  D-?0u.  Logs  or 
D-5u,  D-15u  and  D-l6u  are  on  Plate  7.  Location  of  each  hole  is  shown  on  Plat 
7.  Test  trench  locations  and  results  of  the  moisture  content  and  in-plare 
density  tests  and  the  classification  of  the  material  are  presented  in  the 
GDM.  Plans,  profile  and  sections  of  the  main  embankment  are  shown  on  Plates 
11,  12,  17,  and  14.  Both  deep  and  shallow  seismic  refractive  surveys  gave 
information  on  seismic  velocities  in  the  embankment  foundation.  Location  of 
seismic  lines  are  shown  on  Plate  8.  Sections  and  Time-Distance  graphs  are 


shown  on  Plate  9. 


2.03  Dam  Abutments.  Four  diamond  core  holes  penetrated  the  abutments: 
D-3u  and  D-19u  on  the  right  abutment  to  depths  of  75  and  101.3  feet, 
respectively,  and  D-7u  and  D-2bu  to  depths  of  75  and  30  feet,  respectively,  on 
the  left  abutment.  Investigation  on  the  left  abutment  along  the  alinement  of 
the  outlet  conduit  is  discussed  in  paragraph  2.07.  See  Plate  3  for  locations 
and  Plates  6  and  7  f or  logs  of  the  diamond  core  holes. 

2.04  Dike  No .  1 .  Diamond  core  holes  D-9u  and  D-lOu  were  each  drilled  25 
feet  to  investigate  subsurface  conditions  at  Dike  No.  1.  Test  trench  70-38 
was  excavated  to  a  depth  of  four  feet.  A  log  of  the  trench  indicated  an 
average  of  one  foot  of  overburden  covering  bedrock  consisting  of  red,  gray  and 
green  schist  which  was  hard  at  a  depth  of  three  feet.  Logs  of  the  holes  are 
on  Plate  6.  Plates  11,  12  and  13  show  the  plan,  profile  and  sections  of  Dike 
No.  1.  Log  and  location  of  TT-70-30  is  presented  in  the  GDM.  Shallow  seismic 
refractive  surveys  gave  information  on  seismic  velocities  in  the  dike 
foundation.  Location  of  seismic  lines  are  shown  on  Plate  8.  Sections  and 
Time-Distance  graphs  are  shown  on  Plate  10. 

2.05  Dike  No.  2.  Two  diamond  core  holes  were  drilled  at  Dike  No.  2. 

Hole  D-llu  in  the  right  abutment  penetrated  51.2  feet,  encountering  4.6  feet 
of  older  alluvium  overlying  greenschist.  Hole  D-12u,  approximately  900  feet 
east  along  the  dike  axis  and  at  an  elevation  32  feet  lower  than  D-12u, 
encountered  both  Recent  and  older  alluvium  without  reaching  bedrock  when  the 
hole  was  completed  at  a  depth  of  60  feet.  Additional  investigation  was  done 
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by  bucket  auger  holes,  undisturbed  samples  and  various  soils  investigation 
tests,  giving  results  presented  in  the  GDM.  Shallow  seismic  refractive 
surveys  gave  information  on  seismic  velocities  in  the  dike  foundation. 

Location  of  seismic  lines  are  shown  on  Plate  8.  Sections  and  Time-Distance 
graphs  are  shown  on  Plate  10. 

2.06  Dike  No.  3.  The  dike  foundation  was  investigated  by  bucket  auger 
holes.  An  analysis  of  the  data  secured  is  discussed  in  the  GDM.  Shallow 
seismic  refractive  surveys  gave  information  on  seismic  velocities  in  the  dike 
foundation.  Location  of  seismic  lines  are  shown  on  Plate  8.  Sections  and 
Time-Distance  graphs  are  shown  on  Plate  10. 

2.07  Outlet  Works.  Foundation  investigation  for  the  outlet  works  also 
provided  additional  information  on  the  left  abutment  of  the  main  embankment. 
Five  diamond  core  holes  were  drilled,  ranging  in  depth  from  40  to  100.3  feet, 
and  three  test  trenches  were  excavated.  Test  trench  75-1,  75-2  and  75-19  at 
depths  of  19.5,  27.5  and  27.0,  respectively,  each  exposed  bedrock  at  points 
along  the  centerline  of  the  outlet.  Logs  of  holes  D-8u  and  D-21u  are  on  Plate 
6  and  logs  of  holes  D-17u,  D-l8u,  D-27u,  as  well  as  of  TT-75-1,  TT-75-2  and 
TT-75-19  are  on  Plate  7.  Location  of  all  outlet  works  exploration  is  shown  on 
Plate  3. 

2.08  Spil lway .  The  investigation  for  the  spillway,  located  approximately 
1,600  feet  northwest  from  the  dam  site,  included  drilling  six  diamond  core 
holes  ranging  in  depth  from  25.2  to  60.3  feet  and  excavating,  one  test  trench, 
TT-70-25,  to  a  depth  of  25  feet.  A  Caterpillar  D-8  dozer  with  hydraulic  blade 
and  rippers  was  used  to  excavate  the  trench  and  to  determine  the  rippability, 
breakdown  properties  of  the  rock,  and  possible  size  gradation  of  the  excavated 
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material.  Locations  of  the  holes  are  shown  on  Plate  3.  Logs  of  holes  D-lu 
and  D-2u  are  shown  on  Plate  6,  and  logs  of  holes  D-22u,  23u,  24u  and  25u  are 
shown  on  Plate  7.  Four  shallow  seismic  probes  provide  a  section  along  the 
spillway  crest  with  information  on  seismic  velocities.  Location  of  seismic 
probes  are  shown  ori  Plate  8.  Sections  and  Time-Distance  graphs  are  shown  on 
Plate  10. 

2.09  Bypass  Channel.  Investigation  for  the  bypass  channel  consisted  of 
geologic  inspection,  mapping  and  a  seismic  refractive  survey.  Results  are 
shown  on  Plate  22.  Plate  23  shows  the  bypass  channel  plan,  profile  and 
sections . 

2.10  Riprap  Investigation.  Potential  locations  which  could  supply  facing 
stone  were  evaluated  to  identify  possible  economical  sources  of  riprap. 
Stockpiles  of  cobbles  and  boulders  at  commercial  plants  processing  alluvium 
were  also  inspected.  Processing  of  alluvium  from  the  pervious  borrow  areas 
was  considered.  An  exposure  of  bedrock  approximately  one  mile  southwest  of 
the  dam  site  was  explored  by  drilling  six  diamond  core  holes  ranging  in  depth 
from  37.5  to  101.1  feet.  Locations  of  holes  (D-28u  through  D-33u)  are  shown 
on  Plate  4.  The  Contractor  selected  not  to  open  a  quarry  or  process  material 
from  the  pervious  borrow  areas  as  he  could  supply  cobbles  for  facing  stone 
from  stockpiles  at  the  United  Metro  Plant  located  downstream  from  Cave  Buttes 
Dam. 

2.11  Refractive  Seismic  Surveys.  Seismic  surveys  were  conducted  during 
March  and  April  1970  to  determine  seismic  velocities  of  subsurface  material. 
The  March  1970  survey  utilized  two  lines,  each  approximately  900  feet  long, 
located  along  the  dam  axis  in  the  stream  bottom.  The  measured  velocities 
showed  a  distinct  zoning  of  materials  in  the  alluvium.  From  the  ground 


surface  to  a  depth  of  approximately  35  feet,  the  seismic  velocities  ranged 
from  4,000  to  10,000  feet  per  second  and  from  35  to  150  feet,  the  velocities 
ranged  from  10,000  to  16,700  feet  per  second. 

2.12  In  April  1970,  shallow  seismic  surveys  were  conducted  between  test 
holes  where  additional  information  was  required.  Ten  seismic  lines  were  run 
across  the  streambed  obtaining  velocities  of  the  various  types  of  sediments  to 
a  maximum  depth  of  approximately  35  feet  and  the  velocity  at  the  alluvium- 
bedrock  contact.  The  velocities  in  the  streambed  alluvium  ranged  from  1,000 
to  5,300  feet  per  second.  The  velocity  in  the  rock  ranged  from  8,000  to 
14,000  feet  per  second  with  an  anomaly  of  20,000  feet  per  second  indicated  in 
some  runs.  Four  seismic  lines  were  run  along  the  spillway  crest.  The 
velocity  in  the  bedrock  from  ground  surface  to  10  feet,  varied  from  3,900  to 
5,000  feet  per  second  and  below  10  feet  the  velocities  ranged  from  6,600  to 
14,000  feet  per  second. 

2.13  Four  seismic  lines  were  run  along  the  alinement  of  Dike  No.  1.  The 
material  from  ground  surface  to  approximately  10  feet  have  seismic  velocities 
varying  from  1,600  to  3,500  feet  per  second;  from  10  to  20  feet  deep,  the 
velocities  increased  to  5,500  feet  per  second  and  below  20  feet  the  velocities 
increased  to  12,000  feet  per  second.  Eight  seismic  lines  were  run  along  the 
alinement  of  Dike  No.  2.  The  seismic  profile  shows  quite  a  large  reduction  in 
velocities  at  locations  away  from  the  right  abutment  and  a  consistent  increase 
in  velocity  with  increased  depth  into  the  flood  plain.  Near  the  toe  of  the 
right  abutment,  from  ground  surface  to  7  feet,  the  velocities  varied  from  800 
to  1,000  feet  per  second;  from  7  to  16  feet,  the  velocities  ranged  from  2,700 
to  5,100  feet  per  second;  and  from  16  to  45  feet,  the  velocities  ranged  from 


10,000  to  14,000  feet  per'  second,  reflecting  bedrock  at  that  depth.  In  the 


flood  plain,  the  seismic  velocities  varied  erratically  from  1,50('  to  12,000 
feet  per  second.  Below  the  surficial  layer  to  a  maximum  depth  of  IS  feet,  the 
velocities  ranged  from  ’,800  to  8,100  feet  per  second.  A  third  layer  showed 
velocities  from  S,S00  to  6 , ‘.00  feet  per  second .  The  higher  velocities 
probably  reflect  highly  consolidated  alluvium. 

2.14  Five  seismic  probes  were  taken  along  Dike  No.  3  at  depths  of  30 
feet.  From  the  ground  surface  to  a  maximum  of  1b  feet  the  velocities  varied 
from  1,000  to  1,500  feet  per  second .  Below  this  layer,  the  velocities  varied 
from  2,900  to  4,700  feet  per  second.  For  the  seismic  line  locations  and  Time- 
Distance  graphs  and  sections,  see  Plates  8,  9  and  10. 

INVESTIGATIONS  DURING  CONSTRUCTION 

2.15  General.  Investigations  made  during  construction  included  three  NX 
size  holes  drilled  to  check  distribution  of  grout  take.  These  holes  were 
located  at  Sta.  13+27.6  in  the  right  abutment,  Sta.  23+13-1  in  the  cutoff 
trench  and  Sta.  30+18.3  in  the  left  abutment.  The  drilling  indicated  that  the 
rock  was  tight  and  no  cavities  or  voids  existed.  Although  not  treated  as  part 
of  the  formal  investigation,  all  dental  excavations  were  checked  to  determine 
the  adequacy  of  the  rock  as  a  foundation  and  to  insure  that  any  unsatisfactory 
conditions  were  corrected.  A  Gradall  backhoe  was  used  during  stripping  and 
scaling  to  investigate  and  remove  apparently  unsuitable  material.  Near  Sta. 
50+00  of  the  outlet  works,  material  up  to  15  feet  below  the  proposed 
foundation  grade  was  removed  and  replaced  with  concrete  to  provide  suitable 
foundation. 
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III.  GEOLOGY 


REGIONAL  GEOLOGY 

3.01  The  rock  types  encountered  in  the  mountainous  areas  of  the 
surrounding  region  are  very  similar.  The  basement  complex  is  composed 
predominately  of  Precambrian  schistose  and  massive  metaigneous  rocks  with 
lesser  amounts  of  associated  gneiss  and  quartzite.  These  are  covered  and 
intruded  by  Tertiary  igneous  rocks.  The  igneous  rocks  consist  of  granite, 
rhyolite,  andesite,  vesicular  basalt  flows,  tuff  and  tuffaceous  agglomerate. 
The  trend  of  foliation  in  the  rock  formations  is  in  a  southwest-northeast 
direction,  and  is  generally  steeply  dipping.  Alluvium  fills  the  valleys  and 
covers  the  slopes  of  the  hills  and  mountains.  Older  alluvium,  which  consists 
of  moderately  to  well  consolidated  residual  soil  and  talus  debris,  is 
generally  found  along  the  side  slopes  of  the  valleys  and  underlies  the  Recent 
alluvium.  In  the  valleys,  the  older  alluvium  is  mostly  sand  and  silty  sand 
containing  varying  amounts  of  caliche.  Recent  alluvium,  which  consists  of 
unconsolidated  silt,  sand,  gravel,  cobbles  and  boulders,  is  found  in  the 
valley  areas  in  the  stream  channels  and  the  flood  plain  washes.  Rocks  similar 
to  those  of  the  nearby  hills  and  mountains  probably  underlie  the  alluvial 
deposits.  The  deep  dissection  of  the  mountains,  and  the  great  extent  and 
depth  of  the  alluvial  fans  suggest  that  the  Phoenix  area  has  undergone  a  long, 


stable  geologic  history. 


SITE  GEOLOGY 


3.02  General.  Cave  Buttes  Dam  is  located  approximately  19  miles  north  of 
Phoenix,  Arizona  and  about  0.7  miles  south  of  the  existing  Cave  Creek  concrete 
multiple-arch  dam.  The  dam  at  streambed  elevation  (1,570  feet)  spans  Cave 
Creek  between  two  rock  ridges  that  parallel  the  valley.  A  thin  veneer  of 
older  alluvium  (talus  material)  covers  the  upper  slopes  of  the  ridges  and 
becomes  much  thicker  on  the  east  side  of  the  valley  near  the  base  of  the 
slope.  The  materials  in  the  valley  are  Recent  and  older  alluvium,  which 
consists  of  various  combinations  of  sand,  gravel,  cobbles  and  some  boulders 
extending  to  a  depth  of  approximately  35  feet.  Bedrock  forming  the  ridges  and 
underlying  the  stream  bottom  is  a  metaigneous  rock,  consisting  of  moderately 
hard  green  schist,  greenstone  and  granite.  There  is  evidence  of  ancient 
folding  and  some  faulting  in  the  rock  formations  in  the  vicinity  of  the 
proposed  Cave  Buttes  Dam.  Site  geology  is  shown  on  Plate  4. 

3.03  Physiography.  Cave  Creek  rises  in  the  New  River  Mountains  and  flows 
generally  southwest  through  Paradise  Valley  as  an  intermittent  stream  for 
about  48  miles  and  through  Phoenix  to  the  Salt  River;  its  drainage  area  at  the 
Salt  River  is  311  square  miles.  The  gradient  in  the  vicinity  of  the  existing 
Cave  Creek  Dam  is  50  feet  per  mile.  The  portion  of  the  river  below  the 
Arizona  Canal  flows  along  poorly  defined  water  courses.  Cave  Creek,  at  the 
dam,  is  an  ephemeral  stream  on  alluvial  fill  with  a  course  which  passes 
through  gently  sloping  desert  terrain  with  low  hills  rising  about  500  feet 
above  the  surrounding  alluvial  slope  of  Paradise  Valley.  The  dam  is  located 
within  a  cluster  of  these  hills  as  shown  on  Plates  and  2  and  4. 


3-04  Overburden  Materials.  Except  for  the  residual  soil  and  mantle  rock 


of  the  upper  portions  of  the  hills,  overburden  consists  of  Recent  and  older 
alluvium. 


3.04.01  Recent  alluvium,  the  youngest  unit,  is  material  currently 
being  deposited  in  active  stream  channels  and  within  the  reservoir  behind  the 
historical  Cave  Creek  Dam.  This  material  was  deposited  or  has  been  reworked 
by  floods  and  lesser  flows  recently  enough  to  be  clearly  distinguishable  from 
the  older  unit.  Grain  sizes  represented  in  Recent  alluvial  deposits  range 
from  clay  through  silt,  sand,  cobbles  and  boulders.  Small  amounts  of  clay 
binder  occur  in  the  stream  channel  deposits,  especially  close  to  bedrock. 
Reservoir  deposits  are  rich  in  silt  and  clay  as  shown  by  the  plastic  nature  of 
material  behind  Cave  Creek  Dam.  Recent  alluvium  is  directly  over  bedrock  at 
some  locations  and  lies  on  older  alluvium  where  bedrock  is  more  deeply 
buried.  Plate  4  indicates  the  general  distribution  of  deposits  of  Recent 
alluvium. 


3.04.02  Older  alluvium  consists  of  valley  fill  deposits,  talus 
debris,  slope  wash  and  residual  materials  which  have  not  been  reworked  by  the 
present  drainage  system.  Silty  sand,  some  clay,  angular  gravel,  sandy  gravel 
and  cobbles  form  this  deposit.  Most  rock  fragments  are  6  inches  in  diameter 
or  less,  consisting  of  angular  or  subangular  greenstone  or  other  basement 
complex  rock.  Well-cemented  material  and  loosely  consolidated  portions  are 
both  present  in  the  unit.  Older  alluvium  is  found  on  slopes  of  the  hills  at 
the  site  and  underlies  the  Recent  alluvium  of  the  deeply  filled  valleys. 

Plate  4  indicates  the  general  distribution  of  surface  exposures  of  older 
a lluvium. 
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3.05  Bedrock .  Bedrock  types  encountered  in  the  vicinity  of  Cave  Buttes 


Dam  consists  of  younger  bedrock,  older  granite  and  the  basement  complex. 

3.05.01  Younger  bedrock  types  are  not  common  in  the  project  area. 
Basalt  forms  a  cap  on  several  hills  south  of  the  dam.  Tuffaceous  agglomerate, 
consisting  of  greenstone  fragments  cemented  in  a  tuffaceous  matrix,  occurs  as 
a  veneer  at  a  few  locations.  Younger  granite  is  locally  prominent,  generally 
as  irregular  intrusions,  dikes  and  lenses  or  pods  a  few  feet  to  a  few  tens  of 
feet  in  maximum  diameter.  Alinement  of  the  intrusions  parallel  with 
structural  elements  of  the  older  rock  is  most  common.  Only  a  few  small  dikes 
of  other  instrusive  rocks  were  seen. 

3.05.02  Older  granite,  believed  to  be  Precambrian,  is  exposed  a  mile 
or  less  west  of  the  dam,  and  extends  westward  as  a  mass  with  dimensions  of 
several  thousand  feet. 

3.03.03  The  basement  complex  of  Precambrian  schistose  and  massive 
metaigneous  rock  is  the  principal  bedrock  of  the  project  area.  Greenstone  is 
the  term  commonly  applied.  It  is  moderately  hard  to  hard,  light  to  dark 
green,  and  fine  to  medium  grained.  Fracturing  occurs  mostly  along  older 
recemented  fractures.  Schistose  intervals  are  light  to  brownish  green, 
moderately  hard  to  soft,  platy  and  chlorititic.  There  are  occasional  zones  of 
talc  and  clay.  Serpentinization  was  observed  at  several  locations. 

Alteration  producing  iron  oxides  gives  some  areas  of  greenstone  a  brilliant 
red  or  yellow  coloration  due  to  the  presence  of  limonite  and  related  minerals. 
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3.06  Bedrock  Weathering  or  Alteration.  Occasional  intervals  of  soft 
schist  occur  in  the  greenstone,  especially  near  granite  intrusions.  Some  of 
the  schist  is  talc-like  in  character  as  on  the  west  (right)  side  of  the 
spillway.  Lenses  of  granite  on  the  right  abutment  of  the  dam  were  weathered 
to  a  yellow  rust  color.  The  greenstone  near  the  granite  was  altered  to  a  red 
color.  Throughout  the  foundation  of  the  dam,  alteration  producing  limonite 
and  associated  iron  oxides  is  common,  resulting  in  greenstone  which  is  red  or 
sometimes  rusty  yellow.  Occasional  development  of  serpentine  is  seen  at 
various  locations.  Some  of  the  varieties  of  altered  greenstone  are  soft  and 
punky.  Some  locations  required  dental  excavation  and  replacement  with 
concrete.  See  Plates  25  through  56. 

3.07  Leaching  or  Solution  Activity.  No  evidence  of  leaching  or  solution 
activity  resulting  in  the  formation  of  voids  was  found  throughout  the 
investigation  and  construction  of  Cave  Buttes  Dam  and  appurtenant  structures. 

GEOLOGIC  STRUCTURE 

3.08  General.  Very  complex  detail  was  seen  in  the  strip  of  bedrock 
cleaned  by  compressed  air  to  allow  careful  inspection  of  the  foundation  for 
the  impervious  core  of  the  dam.  Fractures,  shears,  alteration  zones, 
metamorphism  and  igneous  intrusions  are  marks  left  by  the  forces  applied 
throughout  the  long  existence  of  the  material  which  is  now  greenstone  of  the 
Precambrian  complex.  See  Plates  25  through  45  for  detailed  mapping  of  the 
foundation  for  the  dam  embankment,  Dike  No.  1  and  Dike  No.  2. 


3.09  Distinctive  shear  zones.  Three  shear  zones,  or  faults,  cross  the 
foundation  area.  At  Sta.  14+70  a  zone  of  sheared  and  brecciated  greenstone 
8  to  1 1  feet  thick  forms  a  band  of  platy  and  blocky  material  with  associated 
gouge.  The  zone,  which  is  shown  on  Plate  27,  is  nearly  vertical  and  crosses 
almost  directly  northward.  Near  Sta.  20+00  a  shear  zone  26  feet  wide  at  the 
south  edge  of  the  cutoff  trench  and  3  feet  wide  at  the  north  edge  was 
present.  See  Plate  31.  Platy  and  blocky  material  with  gouge  forms  this 
zone.  The  east  side  of  the  zone  crosses  the  cutoff  trench  almost  directly 
northward.  Dips  range  from  40  to  60°  eastward.  The  west  side  goes  northward 
about  30  feet  and  then  tapers  to  the  northeast  until  it  is  only  3  feet  from 
the  east  side  of  the  shear  zone  at  the  north  edge  of  the  cutoff  trench.  Dips 
measured  on  the  west  side  and  central  part  were  from  80°E,  through  vertical  to 
80°W,  70°SE  and  40°E.  Near  Sta.  28+80  the  third  shear  zone  extends  northward 
across  the  foundation.  This  zone  is  10  feet  wide  on  the  south  edge  of  the 
strip  and  3  feet  wide  on  the  north  edge.  Sheared  greenstone  and  gouge  are 
dominant.  See  Plate  36. 

3.10  Complexity  of  Structure.  The  complex  combination  of  a  large  shear 
zone,  thrust  faults,  thinner  shears  and  igneous  intrusions  shown  on  Plate  35 
near  Sta.  27+30  helps  in  understanding  some  of  the  complex  detail  throughout 
the  foundation.  The  large  shear  zone  is  18  feet  wide  on  the  south  edge  of  the 
cleaned  area  and  it  extends  to  40  feet  northward.  At  that  point  the  shear  is 
10  feet  wide.  The  shear  zone  splays  out  into  about  seven  branches.  The 
branches  are  thrust  faults  and  have  associated  shear  zones  less  than  a  foot 
wide.  Several  granite  dikes  are  present  in  the  area.  One  dike  is  one  foot 
wide  and  extends  42  feet  to  the  northeast.  A  semicircular  thrust  fault 
exposure  shows  dips  of  40°,  30°,  and  40°  directly  toward  the  dike,  suggesting 
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the  thrust  fault  Is  In  the  shape  of  a  plunging  syncline  with  the  dike  along 
its  axis.  Granite  dikes,  lenses  or  pods  occur  at  various  places  along  the 
foundation,  such  as  Sta.  9+80  (Plate  95)  and  13+00  (Plate  26)  where  lenses 
trend  N30°,  nearly  parallel  with  much  of  the  jointing.  Other  occurrences  of 
granite  are  scattered  sparsely  throughout  the  foundation  area.  All  of  the 
granite  in  the  dam  foundation  is  referred  to  as  the  "younger  granite"  in 
contrast  to  the  Precambrian  granite  just  west  of  the  project  area.  No  specific 
age  dates  are  available,  and  mode  of  occurrence  is  the  basis  for  separating 
the  two  types  of  granite.  The  very  complex  detail  of  shearing  and  jointing 
shown  on  the  foundation  geology  plates  25  through  45  mav  be  related  to  forces 
associated  with  emplacement  of  the  younger  granite. 

3.11  Structural  trends. 

3.11.01  Dam .  The  general  structural  trend  of  the  rock  of  the  right 
abutment  (Sta.  9+80  to  13+^0  shown  on  Plates  25  and  26)  is  northeast.  More 
than  fifty  granite  dikes,  lenses  or  pods  fit  into  this  pattern.  Cross  joints 
are  common  but  are  less  persistent  than  the  joints  with  a  northeast  strike. 

The  dip  of  the  joints  is  variable  in  both  direction  and  strike,  resulting  in  a 
bedrock  which  is  platv  to  blockv  in  character.  The  trend  changes  to  due  north 
at  Sta.  13+40,  where  two  shears  less  than  a  foot  thick  extend  northward  across 
the  foundation  with  minor  warping  and  branching.  East  of  the  shear  zone  at 
Sta.  14+70,  described  earlier,  the  northward  trend  is  less  distinct.  The 
trend  is  replaced  bv  a  series  of  warped,  branching  and  intersecting  shears 
less  than  a  foot  thick  which  trend  northeast  and  northwest  in  a  complex  manner 
while  maintaining  a  general  northward  trend.  Dips  are  mostly  between  °0°  and 
50°.  At  Sta.  22+00,  complexities  increase  and  include  shear  zones  less  than  a 
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foot  thick  which  curve,  branch,  rejoin  and  have  short  sections  which  become 
thrust  faults.  This  trend  ends  at  the  shear  zone  near  Sta.  28+80,  which  was 
described  earlier.  The  left  abutment  eastward  from  the  outlet  conduit  is 
characterized  by  shears  less  than  one  foot  thick  which  branch  and  curve  but 
maintain  a  general  northwest  trend.  A  northeast  trend  is  supperimposed  east 
of  Sta.  31+00.  See  Plates  25  through  38. 

3.11.02  Dike  No .  1 .  This  dike  starts  less  than  100  feet  due  east  of 
the  main  dam,  where  it  extends  east  a  short  distance  before  curving  to  the 
northeast.  The  foundation  is  primarily  fractured  and  sheared  greenstone. 

Three  shear  zones  thicker  than  3  feet  cross  the  foundation  of  the  dike.  At 
Sta.  33+65  a  shear  zone  with  3  to  5  feet  of  gouge  shows  a  strike  of  N5°W  and 
dip  of  45°W.  At  Sta.  37+40  a  shear  zone  10  to  25  feet  wide  was  mapped.  A 
strike  of  N80°W  and  dip  of  40°S  was  observed.  At  Sta.  38+65  a  shear  zone  3  to 
5  feet  wide  had  a  strike  of  N15°E  and  dip  of  70°E.  Thinner  shears  with  gouge 
and  joints  are  present  throughout  the  cleaned  strip.  The  shears  intersect, 
branch,  rejoin,  splay  out  and  show  wide  variation  in  dip  and  strike.  See 
Plates  39  through  43. 

3.11.03  Dike  No.  2.  This  dike  is  located  about  6,000  feet  northeast 
of  the  dam  embankment.  The  basic  foundation  of  the  right  abutment,  Sta.  50+09 
to  Sta.  53+55  is  sheared  and  jointed  greenstone,  however,  a  veneer  of 
tuffaceous  agglomerate  is  present  where  it  was  not  removed  by  abutment 
excavation.  The  foundation  northeast  of  Sta.  53+35  is  older  alluvium  and  is 
further  described  in  the  GDM.  Two  shear  zones  are  persistent  and  thick  enough 
to  be  described.  The  first,  at  Sta.  50+60,  trends  N48°E,  dipping  80-85° 
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southeast,  and  the  second,  at  Sta.  51+40,  is  2  to  3  feet  wide  and  was  traced 
across  the  foundation.  The  strike  is  N58°E  and  the  dip  is  60°  southeast. 

Dips  of  fractures  range  from  85  to  25°.  See  Plates  44  and  45. 

3.11.04  Dike  No.  3.  This  dike  is  located  about  2  miles  northwest 
from  the  main  embankment.  Alluvial  slopes  forming  the  divide  between  New 
River  drainage  area  and  Apache  Wash,  tributary  to  Cave  Creek  Dam,  form  the 
foundation  of  Dike  No.  3.  The  foundation  materials  consist  of  surficial 
layers  of  sandy  clay  over-lying  a  highly  cemented  sandy  silt  or  clayey  sand. 
(Exploration  and  conditions  at  Dike  No.  3  are  considered  in  the  GDM) . 

3.12  Ground  Water.  The  headwaters  of  Cave  Creek  are  located  above  the 
town  of  Cave  Creek.  The  creek  crosses  six  miles  of  alluvial  plain  before  it 
bends  northeast  at  a  point  one  mile  north  of  Cave  Buttes  Dam.  The  plain 
slopes  25  miles  southeast  to  the  Salt  River  and  comprises  Paradise  Valley.  A 
well  penetrated  1,136  feet  of  alluvial  valley  fill  near  the  center  of  the  six 
mile  reach  of  Cave  Creek.  The  deep  alluvium  of  Paradise  Valley  continues  to 
the  Salt  River,  past  the  city  of  Scottsdale.  Any  water  absorbed  by  the 
alluvium  crossed  by  Cave  Creek  in  upper  Paradise  Valley  would  continue  as 
groundwater  recharge  of  the  valley.  Surplus  water  during  periods  of 
substantial  flow  would  travel  down  Cave  Creek  and  be  controlled  by  Cave  Buttes 
Dam.  Ground  water  in  the  vicinity  of  the  dam  was  at  elevation  1,538  feet 
prior  to  construction.  This  represented  a  local  water  table  maintained  by 
only  about  35  feet  of  alluvium  over  the  bedrock  and  extensive  ponds  from  local 
gravel  operations  which  were  filled  during  times  of  heavy  rainfall.  During 
excavation  for  the  cutoff  trench,  seepage  occurred  along  the  sides  of  the 
cutoff  trench  where  the  contact  of  the  rock  and  alluvium  was  at  lower 
elevations.  After  the  heavy  March  1978  rains,  considerable  seepage,  about  300 
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gallons  per  minute,  occurred  along  the  rock  on  both  sides  of  the  cutoff  trench 
throughout  much  of  its  length,  due  to  the  ponding  of  water  in  the  gravel 
pits.  By  July  1978,  the  ponds  had  dried  up  and  only  a  slight  seepage  was 
occurring.  Seepage  through  rock  continued  along  the  base  of  the  left  abutment 
and  near  Stas.  14+00  and  27+00  near  the  base  of  the  right  abutment  in  areas  of 
close  jointing  and  complex  shear  zones.  These  seeps  were  sealed  by  grouting. 

IV.  DIVERSION  AND  CONTROL  OF  WATER 

4.01  The  control  of  surface  flows  and  shallow  ground  water  during  the 
rainy  season  was  a  problem  to  the  contractor  in  his  operations  in  both  the 
construction  site  for  the  dam  embankment  and  the  upstream  impervious  borrow 
area.  The  historical  Cave  Creek  Dam  was  very  beneficial  to  the  cor  -.ractor  in 
the  control  of  water  during  the  two  major  flood  periods  that  occurred  in 
February-March  1978.  Through  the  close  control  of  floodwaters  by  the  combined 
efforts  of  the  Maricopa  County  Flood  Control  District,  the  Corps  of  Engineers 
personnel  and  the  contractor's  men  and  equipment,  a  great  amount  of  damage  was 
avoided  when  flow  was  curtailed  by  controlled  release  of  water  through  the 
outlet  works  of  the  existing  Cave  Creek  Dam.  The  Contractor's  dewatering  plan 
consisted  of  constructing  a  diversion  levee  and  channel  from  the  outlet  of 
Cave  Creek  Dam  extending  along  the  base  of  the  right  (west)  abutment  through 
the  construction  site  to  control  surface  flow.  The  excess  flow  was  discharged 
downstream  from  the  dam  site  into  the  natural  drainage  channels  of  Cave 
Creek.  The  levee  and  channel  were  kept  in  good  operating  condition  until  the 
embankment  was  high  enough  to  divert  runoff  through  the  new  outlet  works.  A 
considerable  amount  of  maintenance  of  the  levee  was  required  to  contain  the 
high  discharge  in  the  channel  during  the  periods  of  high  run  off  when  erosion 
was  taking  place  along  the  levee. 
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*1.02  While  the  alluvial  materials  in  the  streambed  were  being  excavated 
to  bedrock  and  during  grouting  and  treatment  of  the  foundation  rock,  the 
contractor  had  to  control  the  water  flowing  in  along  the  bedrock  contact  and 
the  seepage  from  surface  fractures  in  the  rock.  The  source  of  the  water  was 
from  gravel  pit  ponds  both  upstream  and  downstream  of  the  excavation.  The 
Contractor  excavated  a  small  trench  in  the  rock  along  the  upstream  and 
downstream  toe  of  the  cutoff  excavation  to  collect  water  seeping  into  the 
construction  area.  The  water  was  collected  in  sumps  and  pumped  to  discharge 
downstream  of  the  excavation  and  into  the  diversion  channel.  At  the  time  the 
core  material  was  placed,  seeps  from  the  fractured  rock  had  been  grouted  off 
and  the  minor  amount  of  seepage  along  the  upstream  and  downstream  toe  was 
controlled  by  sump  pumps  so  that  placement  of  the  core  material  on  the  rock 
surface  was  accomplished  with  a  dry  foundation.  See  Photos  1  through  12. 

V.  FOUNDATION  PREPARATION 

5.01  General.  The  preparation  of  the  foundation  included  stripping  the 
overburden  material  and  removing  loose  rock  from  the  abutments  of  the  dam  and 
of  Dikes  No.  1  and  2.  The  preparation  also  included  the  stripping  of  the 
alluvial  materials  under  the  outer  zones  of  the  dam  embankment  in  the 
streambed  to  elevation  1 ,558  feet  and  the  excavation  of  the  cutoff  trench  to 
bedrock.  After  excavation  of  the  overburden  or  alluvium,  the  bedrock  was 
cleaned  several  times  by  air  blasting  along  with  a  considerable  amount  of 
handwork  to  remove  all  loose  rock  within  the  area  of  the  core  trench  and  12 
feet  upstream  and  downstream  of  the  core  contact. 
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5.02  Stripping  and  Scaling*  After  removal  of  the  overburden, 
approximately  1  to  2  feet  of  material  was  excavated  from  both  abutments  of  the 
dam  and  from  the  streambed  using  a  D-9  dozer  followed  by  a  rubber-tired 
backhoe.  Approximately  6  inches  to  1  foot  of  residual  soil  and  weathered 
bedrock  were  removed  from  the  abutments  and  foundation  of  Dike  No.  1  and  the 
right  abutment  of  Dike  No.  2.  The  bedrock  surfaces  were  first  cleaned  with 
high  pressure  air  and  handwork  by  laborers  prior  to  geologic  mapping  and 
grouting.  Scaling  was  not  required  on  the  left  abutment  of  the  main 

embankment  or  for  Dikes  Nos.  1  and  2.  The  lower  portion  of  the  right  abutment 

for  the  main  embankment  from  elevation  1,584  to  1,558  feet,  was  scaled  to  the 
following  slopes:  from  centerline  to  10  feet  downstream  of  centerline,  the 

slope  was  cut  IV  on  1H;  from  10  to  95  feet  downstream  of  centerline,  the  slope 

was  cut  on  a  1.25V  on  1H  and  from  95  feet  to  168  feet  downstream  of 
centerline,  the  slope  was  cut  of  1.5V  on  1H.  The  scaling  was  accomplished  by 
drilling  on  2-1/2  foot  centers  and  blasting  with  40  percent  gelatin.  After 
the  scaling,  there  remained  no  near-vertical  faces  greater  than  3  feet  high. 
See  Photo  13. 

5.03  Excavation. 

5.03.01  Dam,  Right  Abutment.  The  right  abutment  consisted  of  a 
reddish  brown  highly  fractured  schistose  greenstone  with  occasional  dikes  of 
highly  weathered  light  colored  granite.  After  removal  of  6  to  8  inches  of 
residual  30il,  the  foundation  area  for  the  core  zone  was  cleaned  with  air  and 
prepared  for  grouting.  The  combination  of  fracturing  and  weathering  left  a 
somewhat  irregular  foundation  surface,  with  local  relief  varying  from  6  to  12 
inches.  Although  some  higher  slopes  in  the  rock  surfaces  were  present, 
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usually  along  infrequent  shear  zones,  a  minimal  amount  of  excavation  was 
necessary.  After  the  overburden  was  removed  to  suitable  bedrock,  the  surface 
was  cleaned  with  high  pressure  air  to  prepare  the  surface  for  grouting.  See 
Photos  14  through  18  for  views  of  material  exposed  by  the  right  abutment 
excavation . 

5.03.02  Dam,  Left  Abutment.  The  left  abutment  consisted  of  highly 
fractured  schistose  greenstone  with  a  few  small  dikes  of  intrusive  rocks. 
Remnants  of  Tertiary  volcanic  breccia  were  plastered  on  portions  of  the 
greenstone  bedrock.  This  material  was  removed  by  hand  labor  using  picks  and 
jack  hammers  or  treated  with  mortar  or  dental  concrete  as  necessary  before  any 
fill  material  was  placed.  The  materials  removed  from  the  abutments  to 
elevation  1,558  feet  were  classified  as  abutment  excavation.  Again  the 
bedrock  surface  was  cleaned  with  high  pressure  air  to  prepare  the  surface  for 
grouting.  See  Photos  19  through  25  for  views  of  material  exposed  by  the  left 
abutment  excavation. 

5.03-03  Cutoff  Trench.  The  material  excavated  below  elevation  1,558 
feet  was  classified  as  cutoff  trench  excavation.  The  cutoff  excavation 
consisted  of  excavating  alluvial  streambed  material.  Suitable  excavation 
materials  were  placed  in  zone  III,  the  pervious  zone  of  the  embankment.  The 
bedrock  surface  exposed  by  the  excavation  was  an  undulating  surface,  with  some 
areas  having  2  to  4  feet  of  soft  weathered  material.  The  bedrock  consisted  of 
highly  fractured  block'/  schistose  greenstone  with  a  few  small  intrusive 
dikes.  These  materials  are  very  similar  to  the  abutments  but  are  highly 
sheared  and  brecciated.  Most  of  the  jointing  and  foliation  trends  in  a  north 
to  northeast  direction.  Heavy  equipment  used  in  the  excavation  of  the  cutoff 
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trench  and  the  weathered  condition  of  the  bedrock  resulted  in  some  over- 
excavation  resulting  in  a  relatively  uneven  surface.  In  depressions  where 
densif ication  by  rolling  of  core  material  was  not  possible,  the  areas  were 
filled  with  dental  concrete.  Heavy  rains  that  occurred  during  and  after  the 
excavation  of  the  cutoff  trench  caused  ponding  of  water  in  the  excavation. 
Water  from  ponding  and  local  seepage  was  removed  by  sumping  and  pumping  until 
the  foundation  could  be  cleaned  by  blowing  off  all  the  loose  material  with 
high  pressure  air  and  removing  the  loose  material  with  rubber-tired  front  end 
loaders.  This  operation  was  required  more  than  once  in  some  areas  when  after 
cleaning,  the  area  became  wet  again  or  was  submerged  for  several  days. 

Repeated  cleaning  was  necessary  to  prepare  the  surface  for  grouting.  One  high 
rock  knob,  at  Sta.  28+25,  was  drilled  and  blasted.  This  was  the  only  drilling 
and  blasting  required  in  the  cutoff  trench.  See  Photos  26  through  28  for 
views  of  foundation  rock  exposed  in  the  cutoff  trench. 

5.04  Outlet  Works.  The  excavation  of  the  outlet  works  near  the  toe  of 
the  left  abutment  and  dam  Sta.  29+25  commenced  after  the  core  and  transition 
zones  were  stripped  of  overburden  to  streambed  elevation  1,558  feet.  See 
Photos  29  through  40. 

5.04.01  Intake  Tower.  The  intake  structure  and  retaining  wall  are 
located  at  Sta.  53+92  on  the  upstream  portion  of  the  outlet  works.  The  east 
side  of  the  retaining  wall  was  notched  into  the  bedrock.  The  notch  was 
excavated  by  controlled  drilling  and  blasting,  however,  because  of  the  joint 
pattern  of  the  rock,  there  was  a  slight  overbreak.  After  the  retaining  wall 
was  constructed,  the  space  between  the  rock  and  conduit  was  backfilled  with 
selected  silty  sand  and  compacted  by  hand  held  power  tampers.  See  Photos  30 
and  3 1 • 
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5.04.02  Outlet  Conduit.  The  outlet  structure  was  constructed  on 


fractured  greenstone  from  S ta.  53+92  to  50+85.  During  the  excavation  from 
Sta.  50+85  to  48+10,  alluvium  and  highly  weathered  and  sheared  greenstone  were 
encountered  which  had  been  eroded  deeper  than  the  invert  for  the  structure. 
These  materials  were  overexcavated  to  remove  compressible  material  from  the 
base  of  the  outlet  conduit  structure.  The  area  overexcavated  was 
approximately  275  feet  long  with  a  maximum  depth  of  overexcavation  of 
approximately  15  feet.  The  area  overexcavated  was  cleaned  and  backfilled  with 
concrete  to  form  an  incompressible  and  impervious  foundation  for  the  outlet 
works  conduit.  At  Sta.  47+41,  a  cutoff  for  the  energy  dissipator  was  line 
drilled  to  3  feet,  trimmed  with  air  hammers  and  backfilled  with  concrete.  A 
section  of  the  outlet  works  east  wall,  between  Sta.  50+50  and  52+00  was  line 
drilled  on  12  inch  centers  to  8  foot  depths;  every  other  hole  was  loaded  with 
40  percent  gelatin.  The  results  of  the  blasting  provided  a  relatively  smooth 
sound  wall.  See  Photos  29  through  40.  A  D-9  dozer  and  Gradall  was  used  for 
removal  of  material  in  the  excavation  for  the  outlet  conduit.  See  Plates  19 
through  21  and  46  through  49. 

5.05  Dike  No.  1 .  After  removing  the  top  few  feet  of  soil,  the  exposed 
bedrock  consisted  of  highly  fractured  reddish  brown  to  a  drab  green  schistose 
greenstone.  No  scaling  was  necessary  to  flatten  the  slopes  before  any  surface 
treatment  was  done.  After  the  soil  and  approximately  2  feet  of  weathered 
bedrock  was  removed,  the  surface  was  blown  off  with  high  pressure  air  to 
prepare  the  surface  for  grouting.  See  Photos  41  through  44. 
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5.06  Dike  No.  2.  After  removing  the  top  few  feet  of  soil  and  weathered 
bedrock  on  the  right  abutment,  the  exposed  bedrock  was  highly  fractured  and 
was  similar  to  that  of  Dike  No.  1.  No  further  excavation  was  required.  The 
surface  was  blown  off  with  high  pressure  air  to  prepare  the  surface  for 
grouting.  See  Photos  45  and  46. 

5.07  Spillway .  The  spillway  was  excavated  through  steeply  dipping  thinly 
bedded  schist,  blocky  greenstone  and  occasional  hard  lenses  of  quartzite.  The 
material  excavated  was  not  suitable  for  fill  in  the  embankment  and  it  was 
wasted.  The  excavated  materials  were  placed  upstream  of  the  spillway, 
extending  the  approach  apron.  Most  of  the  foliated  bedrock  trended  about  30° 
northeast  with  dips  between  70-90°  to  the  north.  The  right  (west)  wall  of 
spillway  between  Sta .  19+70  and  22+50  started  slaking  soon  after  exposure  to 
the  air  and  was  cut  back  on  a  somewhat  flatter  slope.  The  excavation  of  the 
left  (east)  wall  stood  up  well  at  a  2V  on  1H  slope.  A  relatively  trapazoidal, 
510  foot  long  trench  at  least  5  feet  wide  on  top  and  approximately  3  feet  wide 
at  the  base  by  approximately  5  feet  deep  was  excavated  for  construction  of  the 
sill  across  the  spillway  crest  at  Sta.  18+00.  The  excavation  of  the  trench 
was  accomplished  by  line  drilling  with  holes  on  1-foot  centers  along  the 
centerline  of  the  sill.  Every  other  hole  was  loaded  with  2  to  1-1/2  inch  by  3 
inch  long  sections  of  40  percent  gelatin,  with  stemming  material  separating 
these  sections.  After  shooting,  the  broken  rock  was  removed  with  a  backhoe 
and  trimmed  with  air  hammers.  The  excavation  for  the  sill  provided  a 
satisfactory  surface  for  placing  concrete.  The  sill  controls  erosion  of  the 
spillway  invert  and  sides.  The  notch  on  the  right  (west)  wall  was  excavated 
with  a  Gradall  for  the  right  sill  wall.  The  much  harder  rock  on  the  left  wall 
had  to  be  drilled  and  blasted.  The  cut  did  not  break  out  well  because  of  the 
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complex  joint  pattern.  The  excavation  was  formed  and  backfilled  with 
concrete.  The  sides  of  the  sill  were  constructed  to  a  13-foot  height. 

See  Photos  47  through  56.  See  Plates  1 6 ,  17,  18  and  50  through  56. 

5.08  Bypass  Spillway  Channel.  The  excavation  of  the  bypass  spillway 
channel  was  routinely  accomplished  using  a  heavy  duty  dozer  and  a  rubber  tired 
backhoe.  Occasional  blasting  was  required.  See  Photos  57  and  58  and  Plates 
22  and  23. 


VI .  FOUNDATION  TREATMENT 


EMBANKMENT 

6.01  General.  After  each  segment  of  the  foundation  of  the  dam  was 
excavated,  the  bedrock  surface  within  zone  1  and  an  additional  12  feet 
upstream  and  downstream  of  zone  1  was  cleaned  of  loose  material  using  high 
pressure  air  hoses.  Geologic  features  of  the  bedrock  surface  were  then 
mapped,  and  a  concurrent  foundation  drilling  and  grouting  program  started. 

The  specified  grouting  program,  which  consisted  of  a  40-foot  spacing  of  holes, 
was  fundamentally  a  foundation  proofing  program  or  an  extension  of  the  design 
investigation  to  assure  that  no  pervious  zones  or  voids  crossed  the 
foundation.  In  general,  foundation  conditions  that  were  exposed  and  as 
drilled  for  grouting  were  essentially  as  anticipated  during  design.  All 
excavations  inspected  showed  rock  of  ad  ce  quality  and  competence  for  the 
foundation  of  a  dam  of  the  size  and  purpose  of  Cave  Buttes  Dam.  The  grouting 
commenced  23  January  and  was  completed  15  August  1978.  There  was  a  delay  of 
nearly  a  month  due  to  a  period  of  high  rainfall.  At  total  of  222  grout  holes 


were  drilled  and  grouted  near  the  center  of  the  core  zone,  forming  a  single 


line  curtain  with  numerous  additional  grout  holes  drilled  off  the  line.  The 
holes  ranged  in  depth  from  8  to  75  feet,  and  were  EX  size  with  the  exception 
of  3  NX  size  exploratory  grout  holes.  See  Plates  57  and  58. 

6.02  Right  Abutment.  The  foundation  treatment  on  the  right  abutment 
between  Stas.  10+00  and  13+50  consisted  of  drilling  and  grouting  13  EX  holes 
and  a  NX  exploratory  hole  for  a  total  of  507  feet.  Eleven  holes  were  drilled 
on  40  foot  centers  along  the  centerline  of  zone  I  core  material,  with  hole 
No.  53  bracketed  about  10  feet  on  each  side  because  of  the  amount  of  grout 
used.  Total  grout  take  in  hole  No.  53  was  4-3/4  sacks  of  cement  at  mixtures  of 
3:1  and  2:1  at  a  pressure  of  10  psi.  The  average  grout  take  for  all  holes  in 
the  right  abutment  was  0.06  sacks  per  linear  foot  of  hole.  The  rock  within 
the  core  zone  was  then  mapped,  see  Plates  25,  26,  57  and  58.  All  loose  rock 
material,  grasses  and  roots  that  had  accumulated  since  the  grouting  were 
removed.  Shear  zones  and  open  joints  were  treated  with  a  sand-cement  mortar 
mixture.  Overhangs  were  removed  and  larger  depressions  were  filled  with 
dental  concrete.  The  core  zone  of  the  right  abutment  above  elevation  1,558 
feet  was  closely  inspected,  mapped  and  photographed  at  each  five  foot 
increment,  before  and  after  foundation  treatment.  No  embankment  material  was 
placed  before  each  increment  was  approved  for  adequacy  of  treatment  by  the 
project  geologist.  When  required,  the  abutment  was  again  air  cleaned  prior  to 
placing  embankment  material.  See  Photos  59  through  62. 

6.03  Cutoff  Trench  (core  trench).  The  foundation  treatment  of  the  cutoff 
trench  between  Sta.  13+50  and  29+00  consisted  of  drilling  and  grouting  150  EX 
holes  and  one  NX  exploratory  grout  hole;  a  total  of  5,905  feet  of  drilling.  Of 
this  drilling,  106  holes  were  drilled  along  the  centerline  of  zone  I,  core 
material.  The  line  of  grout  curved  downstream  approaching  the  abutments. 
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Distance  from  the  centerline  of  the  dam  was  approximately  42  feet  across  the 
mid-portion  of  the  valley.  Forty-five  additional  holes  were  drilled  to  insure 
sealing  of  potential  problem  areas  where  surface  fractures  were  more  frequent, 
especially  in  the  vicinity  of  fault  gouge,  breccia  and  surface  seeps.  Where 
required,  the  spacing  of  the  grout  holes  within  the  cutoff  trench  was  reduced 
to  20  foot  centers  after  pressure  tests  on  some  of  the  holes  indicated  an 
anomalous  water  versus  grout  take.  There  were  no  significant  changes  in  grout 
take  and  it  was,  therefore,  concluded  that  the  foundation  was  tight.  The 
average  grout  take  for  all  holes  in  the  cutoff  trench  was  0.05  sacks  per  foot 
of  hole.  After  the  grouting  was  completed  the  area  was  mapped,  see  Plates  27 
through  35,  57  and  58.  The  area  was  again  cleaned  by  blowing  off  the  loose 
earth  and  rock  with  air.  Larger  depressions,  where  the  densification  of  the 
core  material  with  rubber  tired  rollers  was  not  possible,  were  filled  with 
dental  concrete.  Smaller  areas  and  open  joints  were  filled  with  mortar.  This 
treatment  consists  of  filling  small  depressions  or  surface  irregularities  to 
prevent  seepage  between  the  rock  formation  and  the  zone  I,  impervious 
material.  Then  rolling  with  the  rubber  tired  equipment  would  fill  voids  and 
small  cracks  with  the  clayey,  plastic  material  and  achieve  the  desired 
compaction  required  of  the  initial  fill.  The  initial  fill  placed  was  wet  of 
optimum.  See  Photos  63  through  77* 

6.04  Left  Abutment.  The  foundation  treatment  on  the  left  abutment 
between  Stas.  29+00  and  32+50  consisted  of  drilling  and  grouting  15  EX  holes 
and  one  NX  exploratory  grout  hole  for  a  total  of  670  feet.  Fourteen  holes 
were  drilled  on  40  foot  centers  along  the  center  line  of  zone  I,  core 
material,  with  hole  No.  32  bracketed  about  10  feet  on  each  side,  because  this 
40-foot  hole  took  30-1/3  sacks  of  cement.  The  rock  foundation  was  tight,  as 
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the  take  of  the  other  holes  ranged  from  0  to  4-1/4  sacks  or  an  average  of  0.08 
sacks  per  foot  of  hole.  The  60  foot  exploratory  NX  grout  hole,  D-36,  took 
1-2/3  sacks.  After  the  grouting  was  completed  the  area  was  mapped.  See 
Plates  36,  37,  38,  57  and  58.  Final  preparation  of  the  abutment  included 
removing  all  material  that  was  loose  or,  in  the  opinion  of  the  project 
geologist,  could  break  down  when  wet.  All  vegetation  that  had  grown  on  the 
surface  since  the  grouting  operation  was  removed.  Where  necessary,  irregular 
surfaces  were  out  back,  shear  zones  and  open  joints  were  cleaned  and  filled 
with  a  sand-cement  mortar  and  larger  depressions  were  backfilled  with  dental 
concrete.  As  for  the  right  abutment,  the  core  zone  of  the  left  abutment  was 
closely  examined,  mapped  and  approved  for  each  five  foot  increment  and 
photographed  for  record  of  the  foundation  treatment.  This  was  all  completed 
before  any  embankment  material  was  placed  on  the  rock  surface.  See  Photos  78 
through  83. 

OUTLET  WORKS 

6.05  The  foundation  treatment  of  the  Outlet  Works  consisted  of  drilling 
and  grouting  8  EX  holes,  4  holes  10  feet  apart  on  both  sides  of  the  conduit, 
measured  both  upstream  and  downstream  of  the  centerline  of  the  core  zone.  The 
purpose  of  this  drilling  and  grouting  was  to  prevent  possible  seepage  paths 
developing  between  the  rock  and  the  concrete  backfill  of  the  conduit.  The 
area  was  tight,  as  it  took  only  4-1/4  sacks  of  cement  for  a  total  of  175  feet  of 
drilling.  See  Photos  84  and  85.  See  Plates  19  through  21  and  46  through  49. 
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DIKE  NO.  1 


6.06  The  foundation  treatment  for  Dike  No.  1,  between  Stas.  33+60  and 
42+40,  consisted  of  drilling  and  grouting  25  EX  grout  holes,  a  total  of  584 
feet.  Twenty-three  holes  were  drilled  on  40  foot  centers  along  the  centerline 
of  Dike  No.  1  and  two  additional  holes  bracketed  hole  No.  2,  approximately  10 
feet  on  each  side.  These  extra  grout  holes  were  drilled  because  of  the  6-2/3 
sacks  of  cement  used  in  the  25  feet  of  hole  No.  2.  The  average  grout  take  for 
all  grout  holes  was  0.04  sacks  per  foot  of  hole.  The  rock  foundation  was 
tight.  The  only  problem  encountered,  was  the  surface  seeps,  caused  by  the 
fractured  rock  formation  and  the  near  surface  caving  conditions  in  most  of  the 
holes.  This  condition  was  resolved  by  puddling  grout  at  the  surface  to  seal 
the  surface  fractures.  The  holes  were  filled  to  the  ground  surface  by  hand 
and  the  pipe  above  ground  surface  was  cut  before  embankment  fill  was  placed. 

The  relief  of  the  rock  surface  was  so  gentle,  that  only  one  small  area  on  the 

right  side  of  the  dike  (Sta.  35+50)  required  treatment  with  dental  concrete. 

See  Photos  86  and  87.  See  Plates  11,  12,  13  and  39  through  43,  57  and  58. 

DIKE  NO.  2 

6.07  The  foundation  treatment  for  Dike  No.  2,  between  Stas.  51+00  and 
53+30,  consisted  of  drilling  and  grouting  7  EX  holes  f or  a  total  of  175  feet. 
These  holes  were  drilled  on  the  right  abutment  of  the  dike  and  spaced  40  feet 
apart  using  a  total  of  4  sacks  of  cement  for  an  average  take  of  0.03  sacks  per 
foot  of  hole.  This  indicated  that  the  formation  was  very  tight.  No  further 
surface  treatment  was  necessary  other  than  recleaning  the  surface  with  high 
pressure  air  prior  to  placing  embankment  material.  See  Photos  88  and  89.  See 
Plates  15,  44,  45,  57  and  58. 
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Spillway 

6.08  The  trench  excavated  for  the  control  sill  provided  a  satisfactory 
rock  foundation  for  placing  reinforcing  steel  and  concrete.  The  sill  with  the 
side  extensions  at  each  end  are  expected  to  maintain  the  cross  section 
required.  See  Photos  90  through  9^.  See  Plates  16  through  18  and  50  through 
58. 

Bypass  Channel. 

6.09  No  foundation  treatment  was  required  for  the  bypass  channel. 


32 


Photo  3  Diversion  of  water  through  construction, 
toe  of  right  abutment,  upstream  of  center 
line  of  dam. 


17  Jan  78 


Photo  4  Diversion  of  water  through  construction, 
toe  of  right  abutment,  downstream  of 
centerline  of  dam. 


17  Jan  78 


Photo  5  Diversion  of  1500  cfs  along  toe  of  right 
abutment.  View  is  up  channel  to  the  nortl 

2  Mar  78 


Photo  6  Diversion  of  1500  cfs  along  toe  of  right 
abutment.  View  is  down  channel  to  the 
south . 


2  Mar  78 


Photo  7 


Core  trench.  Look¬ 
ing  east  from  Cop  of 
diversion  dike.  Con¬ 
tractor  trving  to 
remove  water  from 
trench . 

2 1  Mar  78 


Photo  8 

Core  trench.  Look¬ 
ing  west.  Contractor 
trying  to  drain  water 
accumulated  from  rain 
and  seepage. 

21  Mar  78 


1 


Photo  11 

Downstream  side  of 
cutoff  trench,  Sta. 
21+05.  Salt  cedar 
growth  along  seepage 
at  top  of  bedrock. 

Lv  .Julv  73 


Photo  13  Right  Abutment.  View  downstream  of  toe  along  diver¬ 
sion  ditch.  Scaling  is  completed;  IV  on  1H  in  core 
zone  and  1.5V  on  1H  in  downstream  zone  II. 


4  May  78 


Right  abutment. 

Holes  drilled  on  2K: 
foot  centers  for 
scaling  using  40% 
gel.  Downstream 
zone  II,  elev.  1,5670± 
25  Jan  78 


'f 


Photo  18  Right  abutment.  View  looking  west  during 
early  stage  of  cleaning  operations. 

17  Jan  78 


Photo  20  Left  abutment.  Contact  between  zone  I  and  zone  II 
foundations.  Dental  clean  up  between  elevations 
1 ,565  and  1 ,570. 

31  Oct  78 
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Photo  21  Left  abutment.  Upstream  side  of  zone  I  foundation, 
elevation  1,575  to  1,  585;  removal  of  fragmented 
rock  in  well-cemented  sandv  matrix. 

31  Oct  78 


Photo  22 

Left  abutment. 
Cleaning  completed 
in  upper  part,  cen¬ 
ter  of  zone  1  found¬ 
ation  . 


16  Jan  78 


Photo  23 


Left  abutment. 
Cleaning  completed 
in  upper  part, 
center  of  zone  I 
foundation. 

16  Jan  78 


Photo  24 

Left  abutment. 

View  east  along 
centerline  of  dam. 
Presplit  holes  can 
be  seen  in  hard 
rock  of  outlet. 

21  Mar  78 


A 


Photo  27 


Cutoff  trench. 
Cleaning  by  high 
pressure  air  be¬ 
fore  grouting. 

24  Apr  78 


Photo  28 

Cutoff  trench  near 
base  of  right  abut¬ 
ment.  Mr.  Hadsall 
standing  on  last 
grout  hole  drilled, 

3  more  left  to  drill 
12  July  78 


Photo  29 


Outlet  Works. 

View  north  from 
downstream  of  energy 
dissipator  site. 

21  Mar  78 


Photo  30 

Outlet  Works. 
Centerline  view 
upstream  toward 
intake  site. 

15  Feb  78 


Photo  31 


Outlet  Works. 

Sta.  54+00,  cut  for 
retaining  wall  of 
intake . 

15  Feb  78 


Photo  33 


Outlet  Works,  down¬ 
stream  of  centerline 
of  dam.  Stakes  are 
on  outlet  centerline 
Drilling  is  for  pre¬ 
splitting  along  side 
wall . 

15  Feb  78 


Photo  34 

Outlet  Works. 

Base  for  conduit . 
View  downstream 
from  Sta.  51+50. 

21  Mar  78 


Photo  35 


Outlet  Works. 
Setting  conduit, 
view  upstream  from 
outlet  Sta.  51+50. 

6  Apr  78 


Photo  36 

Outlet  Works. 

Same  as  photo  35 
except  view  is  along 
the  west  side. 

6  Apr  78 


Photo  37 


Outlet  Works. 

Sta.  50+00  after 
cleaning  and  before 
setting  forms  for 
backfilling  with 
lean  concrete. 

24  Apr  78 


Photo  38 

Outlet  Works. 
Excavation  for 
outlet  wall,  down¬ 
stream  of  energy 
dissipator . 

21  Mar  78 


Photo  39  Outlet  Works.  Portion  of  concrete  backfill  near 
Sta.  50+00  to  restore  proposed  foundation  grade. 

4  May  78 


Photo  40  Outlet  Works.  Downst  '.  am  portal  and  excavation  for 
outlet  channel. 


I  Nov  78 


•<. 


Photo  41  Dike  No.  1,  looking 


Photo  42  Dike  No.  1,  looking 


Photo  43  Dike  No.  i,  right  side. 


16  Jan  78 


55 


Photo  45 


Dike  No.  2. 

Right  abutment, 
view  west  from 
Sta.  54+00. 

21  Mar  78 


Photo  46 

Dike  No.  2. 

Right  side  after 
excavation  half 
way  up  abutment . 

4  Mav  78 


Photo  49 

Spillwav . 
hipping  to 
excavate  schLBt 
bedrock . 

6  Ap  r  78 


Photo  50 

Spillway . 

View  downstream, 
CP  drill  working 
on  blast  hole. 

6  Ap  r  78 


Photo  53  Spillway  crest.  Left  (east)  wall  after  cleaning  to 
remove  loose  rock;  overbreak  is  at  notch  for  vert¬ 
ical  extension  of  sill. 

1  Mar  79 


Photo  54  Spillway  crest.  Right  (west)  wall,  excavation  for 
end  of  sill  and  the  vertical  extension. 

7  Mar  79 
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Photo  55  Spillway  crest,  Sta.  18+00.  Drilling  holes  5  feet 
deep  on  1-foot  centers  for  controlled  blasting  of 
sill  trench. 

8  Dec  78 


Photo  56  Spillway  crest.  Controlled  blasting  for  sill  trench. 
Charges  are  set  in  alternate  holes  which  are  line 
drilled  on  1-foot  centers  to  5  foot  depths. 

8  Dec  78 


Photo  61  Right  abutment,  foundation  treatment.  Dental  con¬ 
crete  and  sand-cement  slurry  grout.  Looking  down¬ 
stream,  elevation  1,550. 

1  Nov  78 


Photo  62 

Right  abutment. 
Drilling  grout 
holes . 

12  Apr  78 
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Photo  69  Cutoff  trench. 

Sta.  28+50. 


Grouting  to  cut  off  seepage  at 

8  Aug  78 


Photo  70 

Cutoff  trench. 
Placing  dental 
concrete . 


19  July  78 


Photo  71 


Cutoff  trench. 
Placing  dental 
concrete . 

19  July  78 


Photo  72 

Cutoff  trench. 
Dental  concrete 
and  slurry  grout 
near  Sta.  27+00. 
Start  of  core  mat¬ 
erial  placement. 

8  Aug  78 


Photo  73 


Photo  75  Cutoff  trench.  Foundation  treatment  at  elevation 
1,550  to  1,560,  below  outlet  works.  View  is  to 
the  immediate  right  of  photo  74. 

28  Oct  78 


Photo  76  Cutoff  trench.  Rock  surface  near  right  abutment. 

Water  seep  found  during  cleaning  before  grouting. 

22  June  78 
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Photo  78  Left  abutment,  foundation  treatment.  Elevation 
1,565  to  1,570;  downstream  edge  of  zone  I  foun¬ 
dation  in  near  right  edge  of  photo. 

31  Oct  78 


Photo  79  Left  abutment  between  elevation  1,550  to  1,555. 

Foreman  and  crew  mixing  mortar  and  pea  gravel  con¬ 
crete  from  dry  pre-mixed  bags  for  use  as  slurry 
grout  to  fill  holes  and  deep  fractures. 


23  Oct  78 


Photo  81  Left  abutment.  Dental  concrete  above  outlet  at 
elevation  1,565.  View  is  upstream  at  zone  I  - 
zone  II  contact. 

18  Oct  78 
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Photo  84  Outlet  channel.  View  upstream  toward  beginning  of 
of  channel.  Footbridge,  energy  dissipator  and 
skyline  of  embankment  at  elevation  1,5 95. 

11  Dec  78 


Photo  85  Outlet  channel.  View  downstream  toward  end  of 

conduit,  energy  dissipator,  bridge  and  beginning 
of  channel.  Camera  point  is  on  embankment  at 
elevation  1,595. 


12  Dec  78 


Photo  86 


Dike  No.  1.  CP 
drill  setting  pipe 
for  grout  holes  in 
the  zone  II  area. 

25  Jan  78 


Photo  87 

Dike  No.  1. 
Pressure  grouting 
with  neat  cement 
grout . 

3  Feb  78 


Photo  89  Dike  No.  2.  Elevation  1,650,  west  abutment.  View 
looking  east. 


7  May  79 


Photo  90 

Spillway  crest. 
Setting  steel  in 
trench  for  sill. 

28  Mar  79 


Photo  91  Spillway  crest.  Placing  concrete  in  sill. 

9  Apr  79 


i' 
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Photo  93  Spillway  crest.  East  end  of  sill,  some  steel  for 
upright  extention  but  no  forms  through  overbreak. 

10  Apr  79 
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Qal  Quaternary  -Recent  Al luviumStreambed. 
flood  plain  and  unconsolidated  valley  fill  deposits; 
cl  ay , si  1 1, sand, gravel , cobbles  and  boulders, generally 
unconsolidated  but  occasional  cemented  intervals  and  lenses. 

Qo  a  I  Quaternary  -  Older  Al luvium. Terrace, slope 
wash  deposits  and  talus  debris, clay, si  It, sand, gravel , 
cobbles  and  boulders, partly  consolidated  valley  fill 
with  consolidated  intervals  and  tense  of  cemented  materials 


Contact  bel 
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Qtb  Quaternary  or  Tertiary-  Basa I t : dark  gray 
or  black  to  reddish  brnwn.fine  grained, dense  to 
vesicular; commonly  vesicular  and  vuggy.hard  and  blocky 
to  brecciated, occasional  layers  of  ash, scria, tuff  and 
tuffaceous  agglomerate. 

QTt  Quaternary  or  Tertiary  —  Tuff, Agglomertic  tuff 
and  tuffaceous  agglomerateiLight  brown  to  huff, soft  to 
hard, angular  to  subangular  clasts  of  green  metaigneous 
rock  and  dense  to  vesicular  basalt  to  3 '/?  inches  maximum 
diameter  in  a  fine  grained, well  cemented  tuTfaceous  matrix, 
material  becomes  more  agglomeratic  with  increase  in  depth. 


R.B.  or  rockbit 
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QTi  Quaternary  or  Tertiary  intrusive  rocks  Includes 
pods, lenses  and  dikes  of“yo«inger”grani te  and  a  few 
dikes  of  various  intrusive  rocks. They  are  identified 
individually  on  the  plates  using  a  scale  of  1  i nch  =1 0  feet 
No  specific  age  dates  are  available  for  any  rock  in  this 
group. 

Gr  P r ecamh rian  -  Granite  and  granocl iorite  medium 
to  fine  grained, contains  inclusions  of  basement  rocks, 
hard  but  highly  fractured  and  blocky , part ly  weathered  on 
f roctures. 


B.C.  Precambrian  -  Basement  Complex;  g: ay  green  to  dark  green, 
metaigneous  rock, soft  to  hard  fine  grained  alternately 
schistose  and  massive, closely  fractured, but  mostly  along  older 
recemented  fractures, local ly  meta-andesi te, gst=greenstone. 


_  — -s— f 6<?  Faul  t,  showing  dip,  dashed  where  approximate,  dotted 

where  existance  is  uncertain. Long  arrows  show  relative 
„  movement. 

00 

w'  Fol iation, srike  and  dip  (in  degrees) , vertical , strike 

shown. 
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Joints, strike  and  dip  (in  degrees)  , vertical , str ike 

shown. 
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LEGEND  (Cont.) 

bntact  between  alluvium  and  bedrock  types  (Plates  3  and  4  ) 

(S-'fS  Grout  holes,  vertical ,  incl  ined,  EX  size  plug  bit  used. 

\T  Length  of  grout  and  core  holes  are  horizontal 
?  projection  of  the  true  length  (  Plates  using  t "= 1 0 '  scale.) 

r 

\  Diamond  core  holes, vertical  and  inclined, NX  size, 
oc kbit  Portion  of  core  hole  not  cored  (used  tri-cone  rockbit) 

«  loss  Approximate  interval  of  core  loss  (inbedrock  intervals  only) 

_ _  Water  Pressure  Test 

no  test  _ 

0 - Pressure  test, accompl ished  using  single  packer 

- Depth, number  of  feet  below  collar  of  hole. 

— Z7//7  PSI, Pounds  per  square  inch  (water  pressure) 

- vZtZ.  GPM, gal  Ions  per  minute  water  loss 

"~~~°V///  No  test-  interval  not  tested 
2 — No  loss.no  water  loss  at  pressure  shown 
P  vZvy\  Packer  leaked, water  leaked  around  packer. 


Diamond  core  drill  holes  (shown  on  small 
scale  section)  inclined  and  verti cal , dashed 
030-  where  projected. 

o-5e  Diamond  core  holes, incl ined  and  vertical  (on  small  scale  plan) 

Large  scale  items  used  on  Plates  with  1  "=  1 0 '  scale 

Contact  between  alluvium  and  bedrock  or  types  of  each, 

0  hachured  where  gradational. 

Fault  or  shear  zone, dashed  =  approximate  location, 

=S>4^  a  dotted  concealed,  ?  =  existance  uncertain, 

1  -8'=range  of  thickness, g^b-gouge  and  breccia, 
fc0  (r$g=color  is  red  and  green, (brwn) =brown (y)  =  y e I  low, etc. 

Joints  (strike  and  50° dip), (strike  and  vertical)  (sheeted, 
strike, 40®dip,  spaced  2-8" apart,  average  spacing  5  inches) 


Point  of  surface  leakage  of  grout 

")  Location  of  surface  treatment  with  slurry 
grout  or  dental  concrete. 

jgl  gr  Granite  dikes<^^p  lenses  fTd  or  pods. 


LEG 

Grout  hole  detai  I 
col lar  of  the  hoi 
number  is  number 
left  side  number 
the  stage  was  gro 
of  cement  placed 

L  GENE 


kOy~s.  *  Grout  heodere 

*  (&>  pipe, holes  drl 
number  of  discontinuities  to  place  a  mi 
spaced  grout  hole  locotions,  inclinatU 
in  field  ,  mix  ratios  (water  to  cement) 
only  during  surface  leaks  or  large  tal 

2.  Grout  hole  lengths  shown  in  fl 
true  length.  Apparant  dip  of  grout  holj 
by  stereonet.  See  Plates  57  and  58  f<| 

3.  Geology  for  Plates  25-56  man 

January  through  August  1978.  Geology 
of  1970  through  1975.  ] 

4.  For  location  of  all  diamond  d 
See  Plate  4.  See  Plates  6  and  7  for 
location  of  profiles  or  sections  A-A  | 
See  Plate  5  for  geologic  sections. 

5.  See  Plates  25-56  for  plan  shoj 
geology  mapped  in  1978. 

6.  The  term  "greenstone"  repress 
rock, even  when  brilliant  red  or  yellow 
are  seen. 

7.  Soil  classification  on  geologic 

8.  Data  on  engineering  character! 
condition  of  foundations  composed  of  4 
emplacement  of  embankments,  overburdel 
ore  presented  in  Phase  H,  Part  I  of  tl 
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LEGEND  (Cont.) 

Grout  hole  detail  ground  surface  and 
collar  of  the  hole  at  top, right  side 
number  is  number  of  sack  placed  in  the  stage, 
left  side  number  is  drilled  depth  of  hole  when 
the  stage  was  grouted, circle  shows  total  sacks 
of  cement  placed  in  the  hole  as  neat  cement  grout 


GENERAL  NOTES 


^0^  I  •  Grout  header  was  connected  directly  to  the  grout 

number  of  rfic ,  .  pipetho,e$  drilled  of  angles  to  intersect  maximum 

numoer  of  discontinuities  to  ploce  o  more  effective  grout  curtain,  split 

spaced  grout  hole  locations,  inclinations  and  direction  were  determined 
in  field  , mix  ratios  (water  to  cement)  were  thin  (5-  I  to  7. 1  ) ,  thickened 
only  during  surface  leaks  or  large  takes. 

2  Grout  hole  lengths  shown  in  plan  are  horizontal  projections  of  the 
true  length.  Apparont  dip  of  grout  holes  on  profiles  or  sections  determined 
by  stereonet.  See  Plates  57  and  58  for  grouting  data. 

3.  Geology  for  Plates  25-56  mapped  summer  1978,  grouting  was  done 
January  through  August  1978.  Geology  on  Plotes3-23  from  investigations 
of  1970  through  1975. 

4.  For  location  of  oil  diamond  core  holes  of  1970  through  1975 
See  Plate  4.  See  Plates  6  and  7  for  geologic  logs.  See  Plate  3  for  * 
location  of  profiles  or  sections  A-A  through  D-D,  of  section  E-E  See  Plate4. 
See  Plate  5  for  geologic  sections. 

5.  See  Plates  25-56  for  plan  showing  grout  hole  locations  and 
geology  mapped  in  1978. 

6.  The  term  "greenstone"  represents  the  green  massive  metaigneous 
rock,even  when  brilliant  red  or  yellow  shades  resulting  from  iron  oxides 
are  seen. 

7.  Soil  classi f ication  on  geologic  logs  are  visual. 

8.  Data  on  engineering  characteristics  of  overburden  materials, 
condition  of  foundations  composed  of  overburden  materials,  data  on 
emplacement  of  embankments, overburden  excovation  and  instrumentation 
are  presented  in  Phase  H,  Part  I  of  the  G.D.M. 
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"REMARKS"  CODES  AND  NOTES 


REMARKS 

1.  Hole  caving. 

2.  No  pressure  test  due  to  excess  surface  leaks. 

3.  First  stage  tight  (less  than  0.5  GPM  take  during 
pressure  test),  deferred  grouting  to  next  stage. 

4.  No  pressure  test  at  stage  indicated. 

5.  Slight  water  seepage  from  nearby  surface  cracks 
during  pressure  test. 

6.  Slight  grout  leak  at  surface  in  area  near  hole, 
unless  location  otherwise  stated. 

7.  Water  and  grout  from  nearby  surface  cracks 
during  grouting. 

8.  Grouting  done  through  wash  rods  and  then 
through  nipple. 

9.  Hole  tight,  filled  with  thick  grout  mix  by  hand. 


NOTES 


1.  Offsets  are  measured  left  (upstream)  of  dam 
centerline,  except  where  otherwise  indicated. 

2.  Pressures  are  measured  at  hole  collar  (1  to  2 
feet  above  the  ground  surface) . 

3.  K  values  are  measured  to  the  nearest  0.1  ft. /day. 

4.  Holes  92A  through  93D  (7  holes)  were  contact 
grout  holes  behind  the  concrete  plug  in  the 
outlet  conduit. 
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